Cashew nut shell wastes produced in cashew nut processing factories cause environmental problems. Currently, these wastes are being converted to a variety of bio-based chemicals and functional materials. Cashew nut shells (CNS) produce cashew nut shell liquid (CNSL), a dark reddish brown viscous liquid (ca. 30 -35 wt. %) which is extracted from the soft honeycomb of the CNS. CNSL offers multitude interesting possibilities for the synthesis of speciality chemicals, high value products and polymers due to their functionalities. Our recent research have demonstrated that CNSL constituents can be transformed into diverse functional chemicals. This contribution will report on how cashew nut shells (an agro waste from cashew nut processing factories) have been employed to produce anacardic acid capped chalcogenide nanoparticles.
Introduction
Metal chalcogenides quantum dots (QDs) or semiconducting nanocrystals are interesting due to their highly refined chemistry, availability, and super tunable optical and electronic properties suitable for variety of applications in different fields, such as photovoltaics, light-emitting devices, environmental sciences and nanomedicine [1] [2] [3] [4] [5] [6] [7] . Recently, increasing concern about the environment has led researchers to focus on 'green chemistry', i.e. the utilization of nontoxic chemicals, environmentally benign solvents and renewable materials. The aforementioned are some of the key issues that merit important consideration in a green synthesis strategy. In order to reduce the environmental and health effects associated with nanoparticle synthesis, greener synthetic routes are being investigated [8, 9] . Green chemistry aims at addressing ways to reduce environmental and health impacts of chemical production [10] . In the field of nanotechnology, green synthesis involves three key issues; "utilization of non-toxic chemicals, environmentally benign solvents, and renewable materials" [11] .
Recently, researchers have begun using green renewable chemicals for the generation of inorganic nanostructures and materials. These chemicals have shown the capability to control architectures of materials at nanoscale level. Castor oil and ricinoleic acid [12] , olive oil and oleic acid [13] [14] [15] [16] and anacardic acid [17, 18] are some of the green chemicals that have been used as capping agents to fabricate nanoparticles. In the present communication, we extend our earlier work using cashew nut shell liquid extracts for the synthesis of metal chalcogenides (Cadmium and lead sulfide, selenide and telluride) nanoparticles via a solution-based technique. Synthetic methods based on naturally occurring resources not only provide an alternative, friendly means of obtaining these metal chalcogenides nanoparticles, but also have a well-defined size and morphology. The use of cashew nut shell liquid and its isolate, anacardic acid ( Fig. 1) , in nanoparticle synthesis is associated with their chemical structures, easy availability, non-toxicity, low cost, non-food competition, high boiling point and high viscosity.
FIG. 1. Structure of Anacardic acids [19]

Experimental procedure
The chemical reduction and thermolysis route has been employed in this work. The cashew nut shell liquid and its isolate, anacardic acid, were extracted using a procedure reported by Paramashivappa et al. [20] with slight modifications reported by Lucio et al. [21] . Other chemicals, characterizations and procedures are similar to our earlier publications [17, 18] . The reaction scheme is shown in Fig. 2 . The as-synthesized particles were characterized by TEM and HRTEM techniques.
FIG. 2. Reaction scheme for the synthesis of anacardic acid-capped ME nanoparticles
Results and discussion
The morphology of the metal chalcogenide nanoparticles was studied by transmission electron microscopy (TEM). A typical TEM micrograph of the cadmium chalcogenide nanoparticles is given in Fig. 3 . Fig. 3(a) shows anisotropic shaped anacardic acid-capped CdS nanoparticles, synthesized at 160
• C with average width of 11.8±2.4 nm and length 32.6±4.2 nm. CdSe (Fig. 3b) displayed uniform rod-shaped nanocrystals with a narrow size distribution on the TEM grid. A similar trend was observed for CdTe nanoparticles, showing rod shaped particles with an average width of 16.3±3.0 nm and length 48.4±4.5 nm (Fig. 3(c) ). There is almost an equal inter-particle distance of approximately 3 nm for the CdSe and CdTe particles as observed from the TEM images.
The TEM image of the as-synthesised anacardic acid capped PbS (Fig. 4(a) ) consists of small undefined spherical like particles with an average size of 9.8±1.8 nm. PbSe nanocrystals revealed the formation of small triangle-shaped particles with an average size of 12.6±3.1 nm (Fig. 4(b) ). The presence of interspersed particles supports the fact that the formation of nanocrystals may be due to the influence of anacardic acid. While for PbTe nanoparticles (Fig. 4(c) ), rod shaped and some cubic shaped particles, typical for PbTe [22] were formed. Rods of width 11.9 nm and length 37.8 nm and cubes of 20.9 nm were estimated.
Conclusion
Cadmium and lead chalcogenide (ME where M = cadmium or lead and E = S, Se or Te) nanoparticles have been successfully synthesized using anacardic acid as a coordinating solvent. The TEM studies reveal a mosaic-like pattern for all samples. Furthermore, monodispersed spherical to cubic shaped PbE nanoparticles were obtained. The results reveal that anacardic acid could be an effective and potential capping agent in the synthesis of metal chalcogenide nanoparticles. The method utilized an inexpensive and non-toxic naturallyoccurring acid as a capping agent which proved to be a good choice for high quality, monodispersed nanoparticles. 
